Introduction -Correlated barrier hopping (CBH) of bipolarons (i.e. two electrons hopping between charged defects D+ and D-) has been proposed by Elliott (I) to interpret the frequency dependence of a.c. conductivity in amorphous chalcogenides (oat % A @ ) .
The theory has explained many features at relatively low temperatures.
However, it does not predict the strong temperature dependence of oat which has been observed at higher temperatures in some materials.
It is proposed that an increasing density of neutral defects Do at higher temperatures is important and that CBH of single polarons (holes hopping between Do and D-and electrons between Do and D+) is then the dominant contribution to a.c. conduction in amorphous chalcogenides*.
Expression for the a.c. conductivity due to CBH of bipolarons and single polarons -
The expression for the real part of oac derived for CBH with a random distribution of centre is written as (I) where N is the total density of levels participating, Np the number of carriers, K the bulk dielectric constant, and u the angular frequency. R , , the distance of pairs for which WT = 1, is given by --* Interestingly Elliott assumed that single polarons were present in as-deposited evaporated films giving rise to dielectric-loss peaks; however he did not take the expected temperature-dependent concentration of Do defects explicitly into account when interpreting a.c. data.
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where e is the electronic charge, WM the maximum barrier height, -to the characteristic relaxation time (5 x 10-l2 s in the present study), and n = 2 for bipolarons and n = 1 for single polarons. WM is equal to W l for process I1 and to W2 for process I11 as shown in Fig.I(a) . The a.c. conductivity can then be represented as 
where ob is the bipolaron contribution (process I), and ash and ose are the single polaron contributions of processes I1 and 111, respectively. The last two terms in eq.(6) produce a large temperature dependence of the a.c. conductivity due to botha small value of WM than that for the bipolaron process and also an increasing number of thermally activated pairs.
Application of the model to experimental data -Fitting eq. (6) to experimental data produces the values for the band gap B, the energy of the bound state W1 and W2, the bulk dielectric constant K, and the total spatial density of charged defects N. All these are tabulated in Table I . ( 2 ) ) .
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The total conductivity (aT = oac + adc) of both the experimental data and calculations (solid curves) are shown in Figs. 3 glassy Se (2), 4 glassy SegoTe10 ( 3 ) , and 5 As2Te3 films (4). Quantitative agreement with experiment is fairly good. The dashed and dash-dotted curves, S and B, are contributions from single polarons (the last two terms in eq. (6)) and for bipolarons, respectively. A departure from "bipolaron-like'' behaviour at higher temperatures and/or low frequencies which so far has been regarded as quantum-mechanical tunnelling at the band edge (I), (4)- (6), can equally well be accounted for by "single polaron" hopping.
The sac(= UT -udc) in As2Te3 films falls below adc at higher temperatures as shown in Fig.5 (dash-two dotted curve; S + B), indicating that oac due to single polarons is smaller than adc. Similar results have been observed in many materials (5), (6) . The strong temperature dependence has not been observed in glassy As2Se3 (7), suggesting that the contribution of single polarons may be entirely dominated by adc in this material.
A large temperature dependence of a , , can only be observed in materials which have a small negative-Ueff and/or a large energy difference between extended states and the Fermi level.
The physical parameters tabulated in Table 1 estimated from the present model are plausible, and can be supported by values from the Stokes shift of the photoluminescence, drift mobility and d.c. conductivity studies, although the total spatial densities are larger than that from other estimates (8) . The values of W1 (0.28 eV) and Wp (0.33 eV) in Se estimated from drift mobility (9) are smaller than those of the present study. The large Stokes shift of the photoluminescence in Se (lo), however, cannot be explained by a small W1 and Wp. The shallow traps estimated from drift mobility in Se thus cannot originate from randomly distributed charged defects.
TABLE 1
Conclusions -It has been demonstrated that the combined mechanism of bipolaron and single polaron hopping satisfactorily accounts for all the features observed experimentally in amorphous chalcogenides. The energy levels and densities of charged defects were estimated frornthe present model for given materials.
